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Abstract: In the present paper we studied the possibility of iron strengthening of the bakery products, 
by introducing some high iron content ingredients into their recipes. In order to do this we made bread samples, 
for which we partially and totally replaced the raw material with nettle and spinach decoction or with fresh 
spinach and nettle. We also studied samples in which we used egg yolk. These analysis consisted in the 
determination of the iron concentration for nettle, spinach and egg yolk as raw material, for the nettle and 
spinach decoction and for the finished products obtained out of these materials. After that, we realized the 
comparative study for the obtained results. The bread was obtained in our own college laboratory, and the 
determination of the iron content for the analyzed samples was made using the Atomic Absorption Spectrometric 
method. We also proceeded with the sensuous comparative analysis of the resulted products. 
 
INTRODUCTION 
  
 Chronologically speaking, the strengthening of foods with iron starts in 1941, when 
USA establishes compulsory enrichment of the wheat flour with iron salts. Further on, most 
of the developed countries adhered to the wheat flour compulsory strengthening programs. At 
this time, in the EU countries, the laws referring the compulsory strengthening of the foods 
with iron are very different. So, in France, even if feriprive anemia is very frequent (23-27%), 
compulsory strengthening of the foods is forbidden. It’s recommended a prophylactic of the 
population with anemia with drug supplements. 
 In year 1994, in Sweden, it has been decided to temporary stop the strengthening of 
the flours with iron (65 mgFe/kg of flour). A study, made on 600 15-16 years old teenage 
girls, showed that during 6 years, the iron deficiency ratio increased with 28.2% and the 
number of affected individuals (seric feritine < 16L g/µ) increased from 39.3 up to 50.4 %. 
Ulterior they decided to cancel this decision.  
 The causes of this phenomenon are various: the consumption of the strengthened 
flours is very low for some categories of population (especially children and teenagers). In 
plus, the bio availability of the iron, administered as iron “fumarat” (II) or elementary iron is 
quite low. In order to counteract this phenomenon, several research programs with the 
purpose of establishing the modality of ensuring an increased bio availability of the 
compulsory strengthened foods have been launched [1,2,3,5,6]. 
 These are the foods that were subdued to voluntary strengthening: matrices like rice 
and several spices and sauces; sugar (with NaFeEDTA); kitchen salt, strengthened with feric 
orthophosphate, “cu fumarat feros, cu biglicinat feros”; breakfast cereals, etc. There is a 
particular interest in strengthening the kitchen salt because the scientists propose the 
strengthening with iron and iod at the same time. However, there are some barriers, linked to 
the launching in practice of these programs (product stability, sensorial modifications, etc) 
[7,8,9,10]. 
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 In the year 2002, OMS declared iron deficiency as being one of the most important 
risks for human health that can be prevented. In the cases when traditional alimentation does 
not satisfy the needs of the population in major proportions, iron strengthening of the daily 
consumed foods is recommended [4,11,13].  
 Food strengthening has to be made corresponding with the population needs in a way 
that can assure an optimal contribution, that doesn’t exceed none of the population categories 
needs. Although, in the case of iron, the most controversed mineral micronutrient, even if the 
strengthening can increase the quantity of iron consumed daily, it’s low availability affects in 
an important way the efficiency of these programs [12,15]. 
 Due to the fact that bakery products represent an important part for human 
consumption, it’s obvious that bread presents a big interest for iron strengthening. The 
nutritive enrichment of the bread offers several strategic advantages. The distribution of this 
product on the market is very well adjusted, it doesn’t need modifications for the consumers 
habits. The daily iron doses administrated to bread correspond with the human body 
necessities, which exclude any accidental overdose possibility [16,17]. 
 
     MATERIALS AND METHODS 
   
 3 samples have been analyzed for determination of the micro and macro elements 
content, as it follows: spinach bread 500 g, nettle bread 500g, egg yolk bread 500g and 
witness sample 500g. 
 The results obtained for the strengthened bread have been interpreted comparative 
with the witness sample. 
I. Sample preparation 
10g of vegetal material have been weighted and calcinated at 600 degrees for 8 hours. 
The obtained calcinate has been diluted at 25 mL with HNO3 0.5N under continuous 
stirring until the ash is completely solved. Out of the obtained solution resulted 1:10 
dilutions in order to determine Ca, Mg, Na and K. 
  
II. Identification and quantitative determination of the metals (Cu, Zn, Mn, Fe, 
Ca, Mg, K and Na) using the atomic absorption spectrophotometric method. 
The determination has been made using a “contor AA300” atomic absorption 
spectrophotometer, in the following standard conditions: 
  
 Flame type: C2H2/air 
 Burner height: 6mm 
 C2H2 flow: 50 l/h 
 Distilled water has been used as standard solution. 
 The quantity of each metal has been determined using the following formula: 
 
  Me = mme x 25 x D [mg/kg], 
                   mp  
 where  Me = the metal content, in mg/kg; 
  mme= the metal content read on the spectrophotometer, in mg/ 
  25 = the HNO3 0,5N volume, in ml; 
  mp  = the sample mass weighted for the analysis (10g), in g; 
  D   = sample dilution (1:10). 
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RESULTS AND DISCUTIONS 
 
 The quantities of each microelement determined in the samples crumb and crust, read 
on the spectrophotometer, are presented in Table 1: 
 
Table 1 
Nrc
rt 
Sample Cu 
[ppm] 
Zn 
[ppm] 
Mn 
[ppm] 
Fe 
[ppm] 
Ni 
[ppm] 
Cd 
[ppm] 
Cr 
[ppm] 
Co 
[ppm] 
Pb 
[ppm] 
1. Spinach 
juice 
1,041 7,650 20,841 17,878 0,521 0,005 - - 2,432 
2. Spinach 
Leaves 
2,92 14,74 24,99 35,26 0,284 0,078 - - 0,651 
3. Nettle 
juice 
2,705 10,300 21,274 21,408 0,0062 0,381 - 0,0033 0,996 
4. Nettle 
leaves 
4,859 16,667 26,872 61,808 0,323 0,091 - - 1,062 
5. Spinach 
bread 
(crumb) 
2,798 17,809 25,706 23,790 - 0,439 - - 1,889 
6. Spinach 
bread 
(crust) 
2,190 11,093 22,274 9,477 - 0,643 - - 3,033 
7. Nettle 
bread 
(crumb) 
2,372 15,170 25,139 21,108 0,479 0,484 - - 2,039 
8. Nettle 
bread 
(crust) 
1,957 7,716 20,175 15,777 0,259 - - - 0,193 
9. Egg Yolk 8,769 78,002 24,290 203,91 0,133 0,383 - - 1,231 
10. Yolk 
bread 
(crumb) 
3,125 15,760 27,122 25,639 0,091 0,534 - - 2,497 
11.  Yolk 
bread 
(crust) 
2,692 17,692 25,556 21,791 0,038 0,608 - - 0,038 
12. Witness 
sample 
(crumb) 
2,713 17,859 25,972 19,958 - 0,738 - - 3,633 
13. Witness 
sample 
(crust) 
1,927 10,412 23,490 14,407 - 0,681 - - 3,851 
 
 In Table 1 we observe that the microelements are concentrated in the crumb of the 
products. Fe and Mn were found in the largest quantities. The egg yolk has the largest Fe 
concentration, 3 times bigger than the nettle and 6 times bigger than the spinach. In the crumb 
of the yolk bread we could find Fe in 12% concentration, and the determined concentration is 
1.5 times bigger than for the witness sample. The quantity of Fe detected in the nettle and 
spinach juice was 2 times lower compared to the fresh leaves, but it’s found totally in the 
crumb of the bread. Also, the percentages detected in the enriched products are 50% higher 
than in the case of the witness sample. Cr and Co have not been detected. 
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 The quantities of each macro element determined in the samples crumb and crust, read 
on the spectrophotometer, are presented in Table 2: 
 
Table 2. 
Nr.crt Sample Na 
[ppm] 
K 
[ppm] 
Ca 
[ppm] 
Mg 
[ppm] 
1. Spinach juice 1,242 0,744 31,420 0,494 
2. Spinach 
Leaves 
1,522 61,825 60,825 8,576 
3. Nettle juice 1,252 7,122 61,49 0,334 
4. Nettle leaves 1,462 62,974 163,23 14,702 
5. Spinach bread 
(crumb) 
1,031 1,642 32,337 - 
6. Spinach bread 
(crust) 
1,014 1,621 34,019 - 
7. Nettle bread 
(crumb) 
3,976 15,193 38,751 2,482 
8. Nettle bread 
(crust) 
1,114 2,109 34,519 - 
9. Egg Yolk 2,129 50,396 96,911 4,626 
10. Yolk bread 
(crumb) 
4,944 16,677 39,750 3,240 
11.  Yolk bread 
(crust) 
4,486 12,599 39,967 2,545 
12. Witness 
sample 
(crumb) 
4,151 14,510 38,717 3,173 
13. Witness 
sample (crust) 
3,968 11,450 39,817 2,149 
 
Out of the macro elements pointed out in table 3.8, Ca and K were found in the largest 
proportions, especially in leaves and egg yolk. In the finished products, their contribution is 
important, due to the salt and flour used in the production process. Their distribution in the 
crumb and crust is quite uniform. 
     CONCLUSIONS  
  
 From the overview of the obtain results, the conclusion is that the yolk addition  in the 
recipe of  manufacturing bakery  products representes an  optimum source of fortification 
with iron. Also this addition increase the nutritive value of this products and gives a better 
look  than the classic ones, made  after the usual recipe: flour, salt, yeast and water. 
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